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Statement 
TT2 

of the Problem 
dia.), long (20 

well as positioning 

  The movement of gun tubes which are large 
feet), and heavy (up to 4 tons), through the shops 

as well as positioning the pieces in machines for metal removal presents 
an unusual and difficult material handling problem. 

crane bridge. Gun tubes 
wire rope sling (Fig. 1), 
required on the .floor to 
detach the slings at the 

Background & Introduction: The material handling of gun tubes in the bays 
of manufacturing buildings is done exclusively with large, rail-mounted, 
overhead cranes. Each crane requires an operator riding in a cab on the 

are attached to the crane hook by means of a 
Each time a gun tube is moved a person is 

attach the slings at the pick-up location and 
place location. This person working the slings 

can be a "follower", or helper, whose job it is to assist in the movement 
of tubes, or this person could be the operator of the machine tool from 
which or to which the gun tube is being moved. Movement of gun tubes by 
overhead cranes is effective only within a bay of a manufacturing building. 
To move a tube between bays in a building it is necessary to place the 
tube on a gun cart, attach a battery-powered "mule" to the cart, and move 
the cart between bays (Fig. 2). This operation can happen only in a single 
section of a bay. Occasionally tube transfers between bays will occur by 
the bay crane placing a tube in a high bay overlap area. The high bay 
crane then picks up the tube and drops it in the overlap area of the new 
bay. The crane in the new bay will then pick up the tube and place it 
where it is required. 

In 1975, the Watervliet Arsenal MM&T project 6717042 "End Item Manufacturing 
Guide" included a report prepared by RCC Inc. This report indicated that the 
move time for gun tubes was determined to be 12% of the total time spent in 
manufacturing a gun tube. It was felt that this percentage of time could be 

This project was accomplished as part of the US Army Manufacturing Technology program. 
The primary objective of this program is to develop, on a timely basis, manufacturing 
processes, techniques and equipment for use in production of Army materiel. 
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cut in half by using properly selected material handling systems and 
equipment. With the "REARM" program occurring this was the ideal time 
for modernizing the material handling procedures. 

Approach to the Problem: Discussions were held with the Chief, Plant 
Layout Section concerning the overall plan for REARM with regard to gun 
tube manufacturing. These discussions included relocation of manufac- 
turing lines and proposed changes in the handling of the gun tubes in those 
lines. At the time of these preliminary discussions there were no commit- 
ments made to change the material handling procedures. 

A second Watervliet Arsenal material handling related project, 6808060, 
"MM&T: Improved Manufacturing Processes Related to Final Inspection of 
Cannon Tubes" was looked at for similar or duplicating efforts. The 
inspection project is intended to provide a "mechanized" inspection area. 
It was determined that there is no duplicating effort between the two 
projects. 

Another Watervliet Arsenal material handling type project, 6798104, "MM&T: 
Improved Breech Block Manufacturing", was also looked at to determine the 
type of information available on material handling equipment. This block 
project is investigating "FANSIMS", Flexible Automated Non-Synchronous 
Industrial Manufacturing Systems, and Flexible Machining. Neither of these 
systems showed any applicability to tube handling. 

Due to time and knowledge constraints, the decision was made to secure the 
services of an outside concern which would have the expertise to perform 
an assessment of our current material handling difficulties and make 
recommendations for easing these difficulties. After attending material 
handling clinics and talking to experts from various material handling 
manufacturers and consultants, it was decided to place a sole source 
contract with SysteCon, Inc., of Norcross, Georgia. The reason for the 
sole source contract is that SysteCon, unlike other "consultants", is not 
a representative of any material handling equipment manufacturers. Action 
to place the contract was initiated in April 1980. The contract was 
signed in October, 1980. The contractor made visits to Watervliet Arsenal 
gathering data and information, performing rough tube counts, and timing 
various production operations from the moment an operator signaled for 
a crane lift to remove a finished workpiece until a new workpiece was 
released into the machine. The contractor submitted his report in 
January, 1981, and the report was accepted in February, 1981. The report 
is titled "Tube Material Handling Assessment and Recommendation", Water- 
vliet Arsenal, Watervliet, New York, January 5, 1981, DAAA22-81-M-0006. 
A copy of the report is inclosed as Attachment 1. 

Discussion: The manufacture of gun tubes presents unique materials handling 
problems. The size of the workpiece and the variety of machine tools used 
to produce a finish machined gun tube cause the major problem with designing 
a materials handling system. The various machine tools require different 
loading techniques. One common aspect of these techniques, however, is that 
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machine loading occurs from above the machine tool. To load the machines 
from the side would require large and cumbersome equipment. This implies 
a second problem which directs the design and selection of materials 
handling equipment, the arrangement of the manufacturing facility. Floor 
space is at a premium. The large number of machine tools required to 
maintain our production requirements necessitates narrow aisles and 
limited in-process storage space. 

The SysteCon evaluation and subsequent report, produced three alternatives. 
The first and simplest is to use masted cranes in place of the current 
cranes and use a central storage area in each manufacturing bay for in- 
process storage. The second is to use side loading lift trucks and 
multiple tube fixtures and move the tubes in small batches from operation 
to operation. However, current cranes would still be required to load 
the machines. The third alternative is to use the side load trucks in 
conjunction with an automatic guided vehicle system. Again the current 
cranes would actually load the machines. 

The first two recommendations had been considered earlier in conjunction 
with the rotary forge integrated production line, MOD 67X7238 "Modern 
Integrated Production Line for Cannon - Rotary Forge", and MM&T 67X7588 
"Rotary Forge Technology". The masted crane and side loading lift trucks 
were evaluated for handling preforms. However, the cost of the equipment 
was not budgeted and return on the investment would have been marginal. 
These options are constantly being reconsidered as solutions to materials 
handling problems. The third option, the guided vehicle system, has been 
considered in the general material handling scheme at Watervliet Arsenal but 
has been found to be unacceptable in the current production philosophy. 

The side loading lift trucks and the guided vehicle system would require 
large amounts of floor space for tube storage. Currently tubes are 
stacked four or five wide and up to four high using wooden sweeps (Fig. 3). 
These tube stacks are located in various places in a machining bay. The 
alternatives suggested by SysteCon would require a storage area for each 
machine tool and have only single layer storage, two wide on a fixture 
with space available for a third tube but not being used except when 
transferring a completed tube to the fixture. ThFis proposal would require 
more floor space than that which is currently allocated to in-process 
storage. In addition to the increased storage area, these vehicle- 
oriented handling systems would require wider aisles than currently 
allocated, again causing a space problem. 

A review of the SysteCon report by the Chief, Plant Layout Section 
revealed certain "inadequacies" with the report: 1) the sampling per- 
formed occurred during a period of relatively low production; 2) rework 
and defective work report materials were not considered and can produce 
interference; 3) interference between vehicles and the cranes was 
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not discussed. These inadequacies are most likeTy due to the low contract 
cost ($10,000) rather than inexperience of SysteCon. SysteCon's personnel 
time was charged at the rate of $600 per day. When travel and living 
expenses are considered, there are not many days in a $10,000 contract. 
As a result, the evaluation and subsequent recommendations made by SysteCon 
do not have the "depth" or details-which would produce a totally adequate 
report. 

As stated previously, the alternatives recommended by SysteCon had received 
prior consideration as solutions to materials handling problems here at the 
Arsenal. Therefore, the benefits of the recommendations could be considered 
to be non-existent. However, to have an expert recommend the same equipment 
as a non-expert, has to boost the confidence level of the non-exoert and 
lend appreciable credibility to his work. The recommendations given by 
SysteCon will be considered on a continuing basis as solutions to Watervliet's 
materials handling problems. To utilize these recommendations will require 
decreasing the amount of floor space dedicated to manufacturing and in- 
spection equipment and increasing the space dedicated to in-process storage 
and aisles. As more and more machine tools become numerically controlled, 
performing multiple operations in a single setup in less time, the change 
from equipment space to storage and aisle space could occur, removing the 
current space constraints. As that time approaches, the recommendations of 
SysteCon, or even more sophisticated materials handling equipment, will be 
implemented into the gun tube production lines. 
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